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Process for Prodnrinfr Vitamin n fr^ ^ L^Sorf.^ .^,.^ 
The present invention relates to a process for producing L-ascorbic acid (vitamin C) from 
L-sorbosone utilizing an aldehyde dehydrogenase (L-sorbosone dehydrogenase) pmified 
from the ceU free extract of Gluconohaeter oxydam DSM 4025 (PERM BP-3812). 

The above mentioned enzyme was disclosed in EP 922,759 and catalyzes the oxidation 
reaction of L-sorbosone to 2-keto-L'guIonic acid (2-KGA). 

Vitamin C is a very important and indispensable nutrient fector for human beings It is 
industriaUy synthesized by the "Reichstein method". D-glucosone and L-sorbosone are 
putative intermediates of vitamin C biosynthesis in bean and spinach, and the nicotin- 
amide adenine dinudeotide phosphate (NADP).dependent enzyme catalyzing the oxida- 
tion reaction of L-sorbosone to vitamin C has been partiaHy purified. However, there have 
been no reports on the conversion of L-sorbosone to vitamin C by using the enzyme ori- 
ginating from abacterial source. Surprisingly, it was found that this enzyme can convert 
L-sorbosone not only to 2.KGA. but also to vitamin C under specific reaction. 

The present invention provides a process for producing vitamin C from L-sorbosone 
which process comprises contacting L-sorbosone with a purified L-sorbosone dehydro- 
genase having the foUowing physico-chemical properties: 

(a) molecular wdghf 150.000 ± 6,000 Da or 230,000 ± 9,000 Da (consisting of 2 or 3 
homologous subunits, each subunit having a molecular weight of 75,000 ± 3,000 Da); 
20 (b) substrate specificity: active on aldehyde compounds; 

(c) cofactors: pyrroloquinoline quinone and heme a 

(d) optimum pH; 6.4 to 8.2 for the production of vitamin C from L-sorboson^ 

(e) inhibitors: Co^ Cu^ Fe^ Ni^ 2n^ monoiodoacetate and ethylenediamine tetra- 
acetic acid; 

HEl/sk 27-09.2002 
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in the presence of an electron acceptor, and isolating the resulting vitamin C from the 
reaction mixture. 

Oxidation of L-sorbosone to vitamin C in the presence of an electron acceptor occurs 
according to the following reaction equation: 

L-Sorbosone 4- Eectron acceptor Vitamin C + Reduced electron acceptor 

The enzyme does not work with ox/gGn as an electron acceptor. In addition 
nicotineamide adenine dinudeotide (NAD) and nicotineamide adenine dinudeotide 
phosphate (NADP) are not suitable electron acceptors. However, other conventional 
electron acceptors can be utilized in conjimction with the process of this invention. (2,6- 
dichlorophenolindophenol (DCIP), phenazine methosulfate (PMS), ferricqranide and 

cytochrome c are preferred electron acceptors. 

• * 

The enzyme assay may be performed as fellows: 

a) Product (vitamin C) assay of L'SOrbosone dehydrogenase activity 
A reaction mixture consisting of 1.0 mM PMS, 25 mM potassium phosphate buffer (pH 
7.0), 1.0 )iM pyrroloquinoline quinone (PQQ), 1.0 mM CaCla, 50 mM L-sorbosone and 
enzyme solution in a final volume of 100 jil with water is prepared just before fhe assay. 
The reaction is carried out at 30^C for 60 minutes unless otherwise stated. The amount of 
vitamin C produced is measured at a wavelengtih of 264 nm by a high performance liquid 
chromatography (HPLC) which is coupled witii a UV detector (TOSOH UV8000; TOSOH 
Co., Kyobashi 3-2-4, Chuo-ku, Tokyo, Japan), a dualpump (TOSOH CC3PE; TOSOH Co.), 
an integrator (Shimadzu C-R6A; Shimadzu Co.» Kuwahara-cho 1, Nishinokyo, Chukyo- 
ku, Kyoto> Japan) and a column (YMC-Pack Polyamine-II, YMQ Inc., 3233 Burnt Mill 
Drive Wilimington, NC 28403> U.S A.). The amount of 2-KGA produced is measured by 
HPLC. One unit of the enzyme activity is defined as the amount of the enzyme that pro- 
duces 1 mg vitamin C or 2-KGA in 60 minutes in ihe reaction nnixture. 

b) Photometrical assay of L-sorbosone dehydrogenase activity 

A reaction mixture consisting of 0.1 mM DCIP, LO mM PMS, 50 mM potassium phos- 
phate bufifer (pH 7.0)> LO jlM PQQ, 2.0 mM L-sorbosone and enzyme solution in a final 
volume of 100 with water is prepared just before the assay. The reaction is started at 
25^C with L-sorbosone> and the enzyme activity is measured as the initial reduction rate of 
DCIP at 600 nm. One unit of the enzyme activity is defined as the amount of the enzyme 
catalyzing the reduction of 1 jimole DCIP per minute. The escttnction coeflScient of DCIP 
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at pH 7.0 is taken as 14.2 niM'^ A reference cuvette contains all the above constituents 
except of L*$orbosone. 

The L-sorbosone dehydrogenase of the present invention can be isolated from a cell free 
extract of G. oxydans DSM 4025 (PERM BP-3812) in accordance with the methods 
described in EP 922>759. 

The ensyme may be isolated and purified after the cultivation of the microorganism^ G. 
o^q^dans DSM 4025 (PERM BP-3812) as foUows: 

(1) Cells ar^ harvested from the liquid culture broth by centrifugation or filtration. 

(2) Hie harvested cells are "(vashed with water, physiological saline or a bufifer solution 
having an appropriate pH* ' 

(3) The washed cells are suspended in die buffer solution and disrupted by means of a 
homogenizer» sonicator or French press or by treatment ^dth lysozyme and the like to give 
a solution of disrapted cells. - * 

(4) The said enzyme is isolated and purified from the cdl-^free extract of disrupted cells, 
preferably from the cytosol fraction of the microoi^nism* 

The enzyme appli'ed-to<the4>rocess-provided by the present invention is usefiil as a catalyst 
for the production of vitamin C from L-sorbosone. The reaction may be at pH values of 
about 6.4 to about 9.0 and at a temperature in the range of from about 20'*C to 60^C for 
about 0.5 to 48 hours in the presence of an electron acceptor, for example DCIP, PMS and 
the like in a solvent such as phosphate buffer, Tris-buffer and the like. A pH of about 7.0 
to 8.2 and a temperature in the range of from about 20''C to 50^C for about 0.5 to 24 hours 
are a condition under which L-sorbosone is efficiently converted to vitamin Q 

The concentration of L-sorbosone in a reaction mixture can vary depending upon other 
reaction conditions but, in general, is about 0.5 to 50 g/L, most preferably from about 1 to 
about 30 g/L. 

According to the present invention catalytic reaction is carried out in water or aqueous 
solvent such as methanol, ethanol, acetone or mixtures of any one of these solvents and 
water, however, water is preferable from the view point of economy and easy handling. 

In the process, the enzyme may also be used in an immobilized state with an appropriate 
carrier. Any means of immobilizing enzymes generally known in the art may be used. For 
instance, the enzyme may be bound direcUy to a membrane, granules or the like of a resin 
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having one or more fiinctional groups, or it may be .bound to the resin tfarou^ bridging 
compounds having one or more functional groups» for example g^utaraldehyde. 

The produced vitamin C in the reaction mixture may be isolated by conventional methods 
known in the art» and it may be separated as a salt, e.g. of sodium, potassixim, calcium, 
5 ammonium or the like. This salt may be converted into a firee add by conventional 

metihods known in the art. Specifically, the separation may be performed by any suitable 
combination or repetition of the following steps: formation of a salt by using differences in 
properties between the product and the surrounding impurities, such as solubility, absorb- 
ability and distribution coefficient between the solvents, and absorption, for example, on 
10 ion exchange resin and the like. Any of these procedures alone or in combination consti- 
tutes a convenient means for isolating the product. The product thus obtained may 
further be purified in a conventional manner, e,g. by re-crystallization or chromatography. 

The following Examples further illustrate the present invention. 

Example 1: Preparation of L-sorbosone dehydrogenase 

15 All the operations were performed at 8^C, and the buffer was 0,05 M potassium phosphate 
(pH 7.0) unless otherwise stated. 

(1) Cultivation of G. ostydans DSM 4025 (PERM BP-3812): G. oxydansD&M 4025 (PERM 
BP.3812) was grown on an agar plate containing 5.0 % D-mannitol, 0.25 % MgS04»7H20, 
1.75 % com steep liquor, 5.0 % baker's yeast, 0.5 % urea, 0.5 % CaCOj and 2.0 % agar at 
20 27'^C for 4 days. One loopful of the cells was inoculated into 50 ml of a seed culture medi- 
um containing 2 % L-sorbose, 0.2 % yeast extract, 0.05 % glycerol, 0.25 % MgS04»7H20, 
1.75 % com steep liquor, 0.5 % urea and 1.5 % CaCOs in a 500 ml Erlexmieyer flask, and 
cultivated at 30^C with 180 rpm for one day on a rotary shaker. 
The cultured broth (10 ml) was transferred into 500 ml Erlenmeyer flasks containing 
25 100 ml of the same seed culture medium and cultivated in the same manner as described 
above. The seed culture thus prepared was used for inoculating 15 liters of medium, which 
contained 8.0 % L-sorbose, 0,05 % glycerol, 0.25 % MgS04*7H20, 3.0 % com steep liquor, 
0.4 % yeast extract and 0.15 % antifoam, in 30 L jar fermentor. The fermentation para- 
meters were 800 rpm for the agitation speed and 0.5 wm (volume of air/volume of medi- 
ae um/minute) for aeration at a temperature of 3.0X- The pH was maintained at 7.0 with 
sodium hydroxide during the fermentation. After 48 hours of cultivation, 30 liters of the 
cultivated broth containing the cells of G. oxydans DSM 4025 (PERM BP-3612) by using 
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30 



39 



th. of fenn«,toB we« harve««i by co„«„uoua ce„«fcgaa„„. Th. peUcu coa- 

t«mng the cdb were recovered end suspoided in an appropriate volume of sdtae 

After fte ««penaSon wa. centri&ged a, 2.500 rpm (1.000 ). the supem«.„. contafafa, 

'^«««"«'e«>v««itorom«,ethetaoIublema.erial,derivedfroa,com«eepBo^^ 
s «dy..«ex,r.av*id.«„.ingredientsinthe,nedi„n,. The aupematan, waa .L centri- 

%rfat ..O00.pmao.000.^),oob..in.h.cen pellet A,ar«„It,U3gofG.o»,C 
DSM 4023 (FERM BP-3812) «Da (w« weight) .a, obtained from 30 Mtl of brT^ 

* rT""!" P*"" 8) ™. smpended with 280 ml of 

^^"^'^'^''^'^^'"'""^P^- Aftercentrifagationtoremove 
10 mtact cdl* A. «up«™tant w„ designated aa the eeU-ftee ««ra«. and the cdl-free e«™. 

w«=«ttrifcged«100.000xffor«,nan«t.a.There™ltan,.upe™a.,ne(227ml,«aa 
^^^'S^xMAeb,CSon^G.«cyi.„,DSM4025 (FERMBP.3812). After thia 

fia«.on waa dialyzed .gainat lie buffer, 150 ml of the dialy^d fiaction having a awdflc 
«*ityof 0a07»ni.,nuspro.ei„ were „a«l forthenoctp^ficanon «.P 

" I'^y'^^Z^^"^ chromatography: Tie dia^„.e (150 »1, 
w«puton.cdmnnofDEAB«lhUoa.(V^*.,m.„DB-52,3 x 50cm)e,uilibra..dand 
«^edv«h«.eb,rffe,o ehaeminor protein. Ihenproteinabound to th.^ 

du^eda,^«„aewi.hO^.OJ2.0J6MN,ai«theb«lle,.M,jcrenz^eacti,ity™a 
el«teda.0J6MNaCLll«.eth«,ft.c,io«(i«mI)were«.nec,ed. 
» WCarbac,me4,J.cdhU,,ecoI™,,chro.n,«>graphy:A 

fracon from the previous «.p v« ffltnrted by nltraffltn^ (Centripr^lO. Amicon) 

r^T ™P»«on .column of C.rbo=.p„ed^^n,oa; 

fW*a^anCM.52.3x.3cm)e,„ihbrated„id..hebo«fer. Ue protein. J. p.«ed 
. •h'ough the colnmnwid,out binding to the resin wwecoBected 

(5) Q-aepharoae column cteomatography (#1): The pooled active faction (43 ml) wa, 

facno. (10 ml) ftom the previous step was put on . column of Q-sepharoa, (Pharmacia. 
1.5 by 50 cm) e,™hbr,.ed witf, «,e bufier. After ft. cotamn wa. „,Aed wia. d.e bu&r 

^„^g0.3MNaaa«neargradien.ofN.a6»m0.3.oO.«M„,sa;:^tt^. 
fe^. The acnve fa«,ons were eluted at NaQ concentrations ranging ftom 0.55 «> 037M 
(6) Q-sepharose column chromatography (#2): T1,e pooled «*ive faction f22 ^nZ^ 

(3.0 ml) ™s dtal^ agams. the buffer. The dialyzed sample (3.5 ml) wa, p„, , 

coumnofQ-sepharose (Pharmacia. 1.5 by 50 cm)e,uil,b„.edwi«.fl„bu^^fl,e 
column waswa^ed with a«buflercontaining0.35MN.a..hne,rg^,diroft^ 
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from 0.35 to 0.7 M was added to the buffer. The active fractions were duted at NaO con- 
centrations ranging from 0.51 to 0.53 M. 

(7) Gel filtration (Sephacryl S-300 High Resolution) column chromatography: The pooled 
active fraction (20 ml) from the previous step was concentrated by an ultrafiltrator 

5 (Centriprep-10). A 1.5 ml portion of the concentrated and desalted (below 0*1 M NaCl) 
sample (2.0 ml) was put on a column of Sephacryl S-300 High Resolution (Pharmacia, 1.5 
by 120 cm) equilibrated with the buffer containing O.IM NaCL The active fractions 
(12 ml) were collected and dialyzed against the buffer. 

(8) Hydrophobic column (RESOURCE ISO) chromatography: The dialyzed active fraction 
10 from the previous step was concentrated by an ultrafiltrator (Centriprep-lO). A portion 

(1.5 ml) of the concentrated sample (1.75 ml) was added to the equal volume (1.5 ml) of 
the buffer containing 3 M ammonium sulfate (the final concentration: 1.5 M). After 
centrifugation ( 15>000 x g) of the sample^ the supernatant was loaded on a column 
RESOURCE ISO (Pharmacia, 1,0 ml) equilibrated with the buffer containing 1.5 M 

15 ammonium sulfate. After the column was washed with the buffer containing 1.5 M 

ammonium sulfate, the proteins were eluted with the buffer containing a linear gradient of 
ammonium suli^te from 1.5 to 0.75 M. The active fractions corresponding to the L-sorbo- 
sone dehydrogenase were eluted at ammonium sulfate concentrations ranging from 1.12 
to 1.10 M, The active fractions were dialyzed against the buffer using dialysis cups 

20 (Dialysis-cup MWCO 8000> Daiichi pure chemicals). Afterwards, the fractions were 

collected and stored at -20°C. A summary of the purification steps of the enzyme is given 
in Table 1. 



Table 1: Purification of the aldehyde dehydrogenase from G. oxydaps DSM 4025 (PERM 
BP-3812) 



Stqp 


To^ activity 


Total protein 


Specific activity 




(units) 


(mg) 


(unitsVmg protein) 


Soluble fraction 


343.0 


3205.2 


0.107 


DEAE>CeUuIoseD£52 


26.10 


120.67 


0.216 


CM-CeQulose CM52 


28.86 


105.70 


0.273 


Q-Sepharose (#1) 


38.94 


12.56 


3.100 


Q>Sepharose (#2) 


10.77 


3.47 


3.102 


SephaoTl S-300HR 


9.09 


0.71 


12.81 


RESOURCE ISO 


3.71 


0.12 


31.71 
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Example 2; ibifluence of pH on the reaction products from Irsorbosone 
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The reaction mixture consisting of tlie purified enzyme (0.42 jig), L-sorbosone (50 mM), 
PMS (1 mM), CaOa (ImM) and PQQ (1 ^M) in 100 fil of 100 mM various bu^s was ' 
incubated for 1 hour at 30-C .The reaction products were analy2ed by thin layer chroma- 
tography (Silica gel 60F254, MERCK) and HPLC. The vitamin C production was detected 
m the pH range from 6.4 to around 8.0. On the other hand. 2-KGA production was 
detected in the pH range from 5.4 to around 9.0 as shown in Table 2. 



Table 2: Influence of pH on the reaction products from L-sorbosone 



BuOersused 


pHset (-) 


1 Vitamin C produced (mg/L) 


2-KGA produced (mg/L) 


(Jitrate-NaOH 


4.4 


0.0 


0.0 




5.4 


0.0 


23.5 




6.4 


6.5 


5.1 


Potassium 


6.6 


11.9 


5.0 


phosphate 


7.1 


29.0 


not done 




7.4 


48.8 


9.6 




7.8 


38.8 


17.6 


tris-HCi 




21.0 


24.8 




7.9 


19.5 


92.3 




8.4 


0.0 


106.3 




8.9 


0.0 


147.5 



Enunple 3: Effect of temperature on the activity 

The reaction mixture containing 0.42 Mg of the purified L-soibosone dehydrogenase, 
50 mM L-sorbosone. 1 ^M PQQ. IrnM CaQ. 1 mM PMS in 25 mM potassium phosphate 
buffer (pH 7.0) was incubated for 60 minutes at various temp^tures. L-sorbosone was 
converted to vitamin C and 2-KGA as shown in Table 3. 
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Table 3:£f&ct of temperature on the conversion activity of L-sorbosone to vitamin C and 
2-KGA 



Temperature (°C) 


Vitamin C produced (mg/L) 


2-KGA produced (mg/L) 


20 


148.6 


36.1 


25 


111.1 


32.6 


30 


115.9 


34.4 • 


35 


107.8 


30.3 


40 


141.4 


35.4 


50 


111.4 


41.5 


60 


6.4 


20.6 




L Aprocess for producing vitamin C fron. L-sorbosone which comprises contacting 

^;:p^;'"^^'"^^'^^^"^ 

S a) Malec«larweight:150,000 ± 6.000Daor230,000±9,000Da(con5istingof^ 
homologous subunits. each subunithaving a molecular weight of 75.000 ± 3.000 Da) 

b) Substrate specificity: active on aldehyde compounds 

c) Colkctors: pyrroloqninoline quinone and heme c 

d) C^^umpH^6.4to 8^ for the production of vitamin C from L-sorbosone 

10 e) ^»l-'»;to,«co- cu- Fe- Ni- Zn^monoiodoacetateandethyl^^^^^ 
tetraacetic add, 

in th. fre«^ „f „ acceptor. „d UcU^ ^ ^ 

reaction mixture. 

.5 * T "T" r""'^'' •carding to cUim 1, 

' m^croorg^is^ bdonging to the genu, Gluamoia^ havW 
KlMt.«™gch«ctcr«i«toa<,;9,fa«DSM4025(FERMBP.38I2)Mitsmuto^ 
3 Thep^accordiogtodaims 1 "d 2, wh«^fte action is carried ou. a. pHvd«, 

4. The proc«, according to one of dai^ l „d 2. «herei» Ac ..action i, c.rri«, „« 

a.pHvduesofab„u.7.0toiU.«laeatomp™turcr,nge from ,bo«,20^toS0-C for 
about 0.5 to 24 houre. »« ror 
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